IMPORTANCE Nonbattle injury (NBI) among deployed US service members increases the burden on medical systems and results in high rates of attrition, affecting the available force. The possible causes and trends of NBI in the Iraq and Afghanistan wars have, to date, not been comprehensively described. CONCLUSIONS AND RELEVANCE In this study, approximately one-third of injuries during the Iraq and Afghanistan wars resulted from NBI, and the proportion of NBIs was steady for 12 years. Understanding the possible causes of NBI during military operations may be useful to target protective measures and safety interventions, thereby conserving fighting strength on the battlefield.
N onbattle injury (NBI) in deployed US military service members increases the burden on the military health care system, reduces the available fighting force, and has a preventable component. [1] [2] [3] [4] [5] [6] Leading causes are attributed to physical training, falls, and sports injuries. 4, 5, 7 Nonbattle injury among deployed forces may have different possible causes, deplete medical resources, increase costs, decrease mission capabilities, and result in long-term disability for injured service members. 1, 2, 4, 5 Historically, NBI has contributed to morbidity and mortality during military operations, [8] [9] [10] accounting for 13% of hospital admissions during the Vietnam War 11 and 25% during Operation Desert Shield and Operation Desert Storm. 12 Half of all US service member deaths during Operation Desert Shield were attributed to NBI. 13 During the wars in Iraq and Afghanistan, NBI has continued to be a significant burden. Using aeromedical evacuation records, Patel et al 14 demonstrated that 33% of medical evacuations of US Army soldiers from the combat theater of operations resulted from NBI. Despite the historical burden of NBI, research has focused primarily on the incidence and prevention of battle injury (BI). Thus, NBI in recent conflicts has not been rigorously characterized. Previous research on NBI has focused on the anatomical region injured, aggregate rates of NBI in conjunction with medical disease, 15, 16 and investigations specific to single military services. 5, 7, [17] [18] [19] [20] Aside from the 12-year analysis by Patel et al, 14 previous analyses of NBI have examined only limited periods. Because NBI constitutes a potentially preventable drain on deployed military forces, data identifying specific deployment-related NBI risks may be helpful to inform Department of Defense leadership for consideration of existing or potentially new safety policies for deployed operational theaters. Thus, we performed a comprehensive analysis of the possible causes and trend of NBI sustained by service members during combat operations in Iraq and Afghanistan.
Methods

Patient Population
We conducted a retrospective analysis of all service members injured and presenting alive to a Role 3 medical treatment facility (R3MTF) 
Study Definitions
The injury characteristics included classification as BI or NBI, primary mechanism and type of injury, and dominant body region injured. Battle injury was defined as any injury occurring from battle-related activities or hostile actions. Nonbattle injury was defined as any injury not directly attributable to hostile action or terrorist activity, including unintentional and/or self-inflicted injuries. 24 Mechanisms of injury were categorized as (1) explosion (aerial bomb, explosively formed projectile, improvised explosive device, person-borne improvised explosive device, vehicle-borne improvised explosive device, or rocket-propelled grenade); (2) gunshot wound; (3) motor vehicle crash (MVC); (4) helicopter or airplane crash; and (5) other mechanisms, such as sports, machinery or equipment, fall, chemical, electrical, and fire or flame. Types of injury were categorized as penetrating, blunt, burn, and other or unknown. Injury severity was measured using the injury severity score and the military injury severity score. 24 Ideally, the incidence density rate (also known as the person-time incidence rate) of NBI would be calculated as the number of injuries caused by noncombat trauma events divided by the total number of service members at risk in a period. However, because the DoDTR is a registry for traumainduced injury, the required denominator data (overall number
Key Points
Question What are the causes and trend of nonbattle injury among US service members deployed to Iraq and Afghanistan?
Findings In a cohort study of US military casualties among service members evacuated from Iraq and Afghanistan, nonbattle injury accounted for approximately one-third of total casualties and 11.5% of all deaths. The proportion of nonbattle injury was consistent and predictable.
Meaning These findings document the significance and magnitude of nonbattle injury in the deployed environment; prevention of nonbattle injury could reduce a portion of the injury burden sustained during war. 26 The values p, d, and q in the ARIMA model were selected to represent the number of autoregressive lags (p), level of differences (d), and moving average (q). Estimations and corresponding 95% CIs were also presented. Statistical significance was determined at the P <.05 level (2-sided). All data were analyzed using SAS, version 9.4 (SAS Institute Inc).
Results
Patient Population
A total of 29 958 service members injured in Iraq and Afghanistan are described in the Overall mortality (BI + NBI) was 6.0% (n = 1788) in this cohort.
Proportion of NBI
Of the 29 958 patients admitted to R3MTFs, 10 203 patients sustained injuries from nonbattle activities, accounting for 34.1% of casualties (Table) . The proportion of NBI varied across injured body regions, ranging from 18.5% for the abdomen (820 of 4427) to 37.3% for the extremities (5527 of 14798) and was highest for the extremities, followed by external injuries, including those to the skin and soft tissue (23.9% [4866 of 20 397]; P < .001) ( Figure 2G and eTable 1 in the Supplement). Injuries to the extremities accounted for 5527 patients with an NBI (54.2%) and external injuries accounted for 4866 of 20 397 body regions in patients with an NBI (47.7%) (Table) . Nonbattle injuries were less severe than BIs, with a median injury severity score of 4 (IQR, 1-5) vs 6 (IQR, 2-14) (P < .001) and a median military injury severity score of 4 (IQR, 1-5) vs 6 (IQR, 2-18) (P < .001) (Table) . Nonbattle injuries were less likely to produce multiple trauma; 1165 of 10 203 patients with NBIs (11.4%) vs 6853 of 19 755 patients with BIs (34.7%) were injured in 3 or more body regions (P < .001) (eFigure 1 in the Supplement).
Mortality Figure 3 and eTable 2 in the Supplement). The top 10 causes of NBI in OEF, OIF, and OND were similar, with slight differences in rankordered frequency (eTable 2 in the Supplement).
Trend in NBIs
The quarterly time plot of BI and NBI cases from January 2003 to December 2014 shows a generally decreasing trend in the number of BIs and NBIs (eFigure 2A in the Supplement). The observed proportion of NBI ranged from 20.6% to 70.8%, with . However, regression analysis shows that the proportion of NBIs over time by quarter did not significantly decrease (eFigure 3 in the Supplement).
In the time series analysis, the plot of the time series original data of proportion of NBIs (d = 0) showed that the data were stationary with the mean (SD) of 38.5% (13.0%) (Figure 4 and eFigure 4A and B in the Supplement). The autocorrelation function plot suggests that the change in proportion of NBIs was highly autocorrelated, with lag 1 or lag 2 (p = 1 or p = 2) models potentially being good models to describe this process (eFigure4BintheSupplement). The partial autocorrelation function plot suggests that the best model for the moving average uses lag 1 (q = 1) (eFigure 4C in the Supplement). Two ARIMA models were suitable for estimation: ARIMA 
Discussion
This study provides a comprehensive characterization of NBIs occurring in military service members during the wars in Iraq and Afghanistan. Overall, we found that NBIs accounted for approximately one-third of total casualties and that this proportion was consistent and predictable.
Depending on the applied statistical method, we observed a consistent proportion of NBIs of 34% to 41% among injured service members during the conflicts. It can be assumed, given the nature of deployed tasks, that service members assigned to combat arms units are at higher risk for BIs than those who are in combat support roles, who would have higher rates of NBIs; however, all deployed service members likely have a similar risk for NBIs, implying that the exposure is the same for those in combat and those in supportive roles. We observed that in OND, the proportion of NBIs was significantly higher than that in OIF or OEF, likely reflecting military missions of sustainment, advising, and assisting Iraqi forces in security and peacekeeping as opposed to enemy engagement. This finding is not unexpected, given that the OND mission was stability operations. Rates of NBIs in OND may provide an estimation of the rates of NBIs in stability or peacekeeping missions; therefore, understanding and estimating the effect of NBIs can potentially aid operational and medical planning and inform future safety interventions.
Our analysis demonstrates that the proportion of NBIs was consistent during the period studied and that the frequency of NBIs generally decreased over time; however, the proportion of NBIs did not decrease regardless of the statistical approach used. Although battlefield mortality and injury decreased during the study period, the proportion of NBIs did not decrease below 34%. The contribution of NBI to approximately one-third of the total casualty burden and force attrition suggests a need for prepositioned and adaptable safety measures during military operations. Our data suggest that any processes that may have been applied to decrease NBIs were ineffective. We propose that for future conflicts, rates of NBIs should be closely monitored and targeted safety interventions should be rapidly deployed. In addition, given the national focus on preventing death from trauma in military and civilian populations, preventability can be determined only with a better understanding of the cause of death. This data set and analysis are unable to provide that information but are important first steps in understanding how to potentially prevent injury from nonbattle activities, with the best preventive measure being injury prevention. The mechanisms and types of injury are usually complex and possibly correlated with seasonality, particularly in Afghanistan, where overall casualty rates increase cyclically during the summer. Nonbattle injury trends are therefore difficult to estimate using traditional regression or weighted moving average analysis methods. This issue can be addressed with ARIMA time series analysis modeling, which is suitable for estimating future proportions of NBIs, assuming stable battlefield conditions. Using the available data from 2003 to 2014 that included all military services, we estimated the mean proportion of NBIs to be 41.0% (95% CI, 37.8%-44.3%). Injury patterns shifted from primarily combat injury to NBI in parallel with the shift from major combat operations to stability operations during OND. This suggests that the incidence of NBI is not necessarily a function of the combat environment and that active safety interventions may yield an even larger relative effect on the percentage of injuries that occur during stability operations. Implementation of strategically targeted preventive measures to decrease NBIs has the potential to unencumber the deployed health care system from preventable casualties, conserve resources for BI-associated deaths, and decrease combat zone attrition, mortality, and the cost of deployment health care.
Most of the top 10 causes of NBI may be modifiable or even preventable ( Figure 3 and eTable 2 in the Supplement) given that falls account for nearly one-fourth of all NBIs (21.3%), followed by MVCs (18.8%). A total of 472 MVCs resulting in casualties significant enough to be captured in the DoDTR occurred in OEF (14.5% [472 of 3250] of all NBIs in OEF); 1423 such MVCs occurred in OIF (21.4% [1423 of 6655] of all NBIs in OIF) (eTable 2 in the Supplement). Further investigation into vehicle type, tactical situation, driver training, and proficiency may help to elucidate further preventive measures to decrease MVCs as a source of NBIs. Other possible causes of NBIs, such as machinery or equipment, blunt objects, gunshot wounds, sport, knives and sharp objects, crush, fire and flame, and any non-sports-related sprain, strain, or dislocation (altered range of motion) were also major possible causes of NBI. We suggest that these data may be useful to guide further analysis of the possible cause of injury within NBI categories, potentially leading to focused implementation of specific safety measures to help reduce NBI-related morbidity and mortality in future military operations.
Army and Marine personnel had higher absolute numbers of NBI-associated casualties but a lower proportion of NBIs compared with Navy and Air Force personnel. Because Army and Marine service members comprised most of the deployed force in this study, it is not surprising that BIs and NBIs are more numerous in these 2 branches of the armed forces. In addition, Army and Marine service members had a higher percentage of deployed personnel at risk for BIs, which may reflect occupational differences among services in these deployed operations. The proportion of NBIs was higher in the Air Force (66.3%) and Navy (48.3%) (eTable1intheSupplement), with the Air Force accounting for 5.3% (n = 537) and the Navy accounting for 3.9% (n = 394), of all NBIs (Table) . Female service members similarly had a higher proportion of NBIs than BIs, also reflecting a population that was more likely to serve in combat support roles.
Our analysis demonstrated that 6.8% of NBIs were sports related and these proportions were higher in the Air Force (13 
Limitations
This study has limitations. The results should be interpreted in context with its research challenges. First, because this was a retrospective study, the accuracy of the data depends on complete and accurate documentation; this is a significant challenge in the deployed combat setting. Second, not all the injured patients were included in the DoDTR data. Before 2014, inclusion in the DoDTR required hospital admission to the R3MTF. Therefore, the DoDTR would demonstrate a selection bias for the more seriously injured, greatly understating the true size of the population with NBIs. Third, patients who died before reaching (or being admitted to) the R3MTF are not represented in the DoDTR, creating a survivorship bias. Starting in 2014, data from Role 2 medical treatment facilities were included in the data set; thus, the problem of survivorship bias may be reduced in future similar studies. Fourth, we were unable to report the incidence of NBI owing to lack of denominator data. Fifth, our data do not distinguish whether specific cases of NBI captured in the DoDTR data were preventable or modifiable. Sixth, evaluation of large data sets using numerous statistical analyses can increase the likelihood of discovering false-positive results using the conventional P value threshold of P < .05. However, a strength of the DoDTR is that data were collected prospectively by dedicated personnel on patients' arrival to the R3MTF and validated using available medical records. In addition, statistically significant results may lack clinical significance and vice versa. Nevertheless, the objective of this analysis was to statistically characterize the features, magnitude, and outcomes of NBI in the deployed environment. Finally, there is likely an inverse association between BI and NBI that is affected by the nature and intensity of the military conflict. The proportion of NBIs reported here was derived from conflict periods featuring both large-scale combat operations and stability operations. Although the method and purpose can be replicated in future conflicts, the values for proportion of NBIs may vary depending on the nature and intensity of the conflict.
Conclusions
Approximately one-third of injuries during the Iraq and Afghanistan wars were NBIs, and the proportion of NBIs was steady for 12 years. Reductions in NBIs may require preventive measures to mitigate their identified causes. We suggest that understanding and monitoring in real time the causes, patterns, and trends of NBI in the deployed environment may be useful to guide targeted safety interventions and workforce utilization and may reduce a potentially preventable burden on the combat trauma care system during war. Overall, the majority of non-battle related injuries were caused by falls, motor vehicle crashes, machinery/equipment, blunt objects, gunshot wounds, sports, knife/sharp objects, crush, fire/flame, and Altered ROM. The ranking of these causes were relatively consistent in OEF and OIF; however, they differed in OND. eFigure 4. Trend and Correlation Analysis for Cumulative Proportion of NBI eFigure 4 illustrates the data exploration process used to determine the applicability of using time series analysis. The plot of the time series original data of cumulative %NBI without differencing (d=0) indicated the data was not "white noise" (P<.05). This suggests that the original data were stationary (eFigure 3 A-B).
The plot of the autocorrelation function (ACF) shows a rapid decay and cut-off at the lag 1 or lag 2 (eFigure 4B), suggesting the change in cumulative NBI incidence is a stationary time series correlating with either one or two previous values of the quarterly NBI cumulative incidence (lag 1 or 2). The test for "white noise" indicated that the change in NBI is highly autocorrelated (AR), with lag 1 or lag 2 (p=1or p=2) models potentially being good models to describe this process. The partial autocorrelation function plots (PACF) show a sharp decay with a cut-off at lag 1 (eFigure 4C), suggesting the best model for the moving average (MA) utilizes lag 1 (q=1). Therefore, for the model fitting, two ARIMA models were found suitable for prediction: ARIMA (1, 0, 1) Model (Figure 4 ) and ARIMA (2, 0, 1) Model (eFigure 5).
To identify the best model for forecasting the cumulative NBI incidence onward to year 2022 (a later cut-off year can also be chosen), the two ARIMA models were compared based on the values of AIC (359.45 vs. 361.43) and SBC (365.07 vs. 368.91) (eTable 3). The ARIMA (1, 0, 1) model was chosen as the most appropriate model for prediction of NBI (Figure 4 ). The ARIMA (1,0,1) model predicts that, assuming stable conditions with respect to battlefield injury risk, the cumulative incidence of NBI from 2015 to 2022 would be approximately 41.0% (95% CI: 37.8% to 44.3%).
